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(54) HARD MAGNETIC MATERIAL 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a hard magnetic material which is inexpensive and having excellent 
hard magnetic properties. 

SOLUTION: This hard magnetic material has a composition containing element T consisting of one or more 
elements among Fe, Co, and Ni, element R consisting of one or more kinds among rare earth elements, and 
B and also has a structure having, as main phase, a multi-phase structure consisting of T phase of <100nm 
average crystalline grain size, R2Fe14B1 phase of <100nm average crystalline grain size, and amorphous 
phase. Further, the average concentration of R in the amorphous phase is regulated so that it is lower than 
the average concentration of R in the R2Fe14B1 phase and higher than the average concentration of R in 
the T phase. 
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CLAIMS 



[Claim(s)] 

[Claim 1] One or more sorts of elements T of Fe t Co, and the nickel and one or more sorts of elements R 
and B of the rare earth elements are included. T phase of 100nm or less of diameters of average crystal 
grain, A hard magnetic material which makes the main phase a diplophase organization of an R2Fe14B 
plane 1 of 100nm or less of diameters of average crystal grain, and an amorphous phase, and is 
characterized by average concentration of an element R in an amorphous phase being smaller than average 
concentration of an element R in an R2Fe14B plane 1, and being larger than average concentration of an 
element R in T phase. 

[Claim 2] A hard magnetic material according to claim 1 to which average concentration of an element M in 
an amorphous phase is characterized by being smaller than average concentration of an element M in an 
R2Fe14B plane 1, and being larger than average concentration of an element M in T phase, including 
further one or more sorts of elements M of Zr, Nb, Ta, Hf, V, Ti, Mo, and the W. 

[Claim 3] By heat-treating an alloy containing an amorphous phase more than 50vol(volume) % including 
one or more sorts of elements T of Fe, Co, and the nickel, and one or more sorts of elements R and B of 
the rare earth elements T phase of 100nm or less of diameters of average crystal grain, and an R2Fe14B 
plane 1 of 100nm or less of diameters of average crystal grain, A hard magnetic material which comes to 
form structure which makes a diplophase organization with an amorphous phase the main phase, and is 
characterized by a difference of deposit temperature of T phase from said amorphous phase and deposit 
temperature of an R2Fe14B plane 1 being 500 degrees C or less. 

[Claim 4] By heat-treating an alloy containing an amorphous phase beyond 50vol% including one or more 
sorts of elements T of Fe, Co, and the nickel, and one or more sorts of elements R and B of the rare earth 
elements T phase of 100nm or less of diameters of average crystal grain, and an R2Fe14B plane 1 of 
100nm or less of diameters of average crystal grain, A hard magnetic material which comes to form 
structure which makes a diplophase organization with an amorphous phase the main phase, and is 
characterized by deposit temperature of T phase from said amorphous phase and deposit temperature of 
an R2Fe14B plane 1 being 500-1000 degrees C. 

[Claim 5] A hard magnetic material according to claim 3 or 4 characterized by Curie temperature of an 
amorphous phase before said heat treatment being 50 degrees C or more. 

[Claim 6] A hard magnetic material which makes the main phase a diplophase organization of T phase of 
100nm or less of diameters of average crystal grain, an R2Fe14B plane 1 of 100nm or less of diameters of 
average crystal grain, and an amorphous phase, and is characterized by residual magnetization Ir being 
more than 0.8T including one or more sorts of elements T of Fe, Co, and the nickel, and one or more sorts 
of elements R and B of the rare earth elements. 

[Claim 7] Including one or more sorts of elements T of Fe, Co, and the nickel, and one or more sorts of 
elements R and B of the rare earth elements, a diplophase organization of T phase of 100nm or less of 
diameters of average crystal grain, an R2Fe14B plane 1 of 100nm or less of diameters of average crystal 
grain, and an amorphous phase is made into the main phase, and it is the ratio of residual magnetization Ir 
and saturation magnetization Is. Ir/Is A hard magnetic material characterized by being 0.6 or more. 
[Claim 8] A hard magnetic material according to claim 6 or 7 characterized by having heat-treated an alloy 
containing an amorphous phase beyond 50vol% at 500-1000 degrees C, and being obtained including one or 



more sorts of elements T of Fe t Co, and the nickel, and one or more sorts of elements R and B of the rare 
earth elements. 

[Claim 9] A hard magnetic material which makes the main phase a diplophase organization of T phase of 
100nm or less of diameters of average crystal grain, an R2Fe14B plane 1 of 100nm or less of diameters of 
average crystal grain, and an amorphous phase, and is characterized by a volume fraction of T phase being 
30 - 80% including one or more sorts of elements T of Fe, Co, and the nickel, and one or more sorts of 
elements R and B of the rare earth elements. 

[Claim 10] A hard magnetic material according to claim 1 to 9 characterized by having the following 
empirical formula. 

While TxRzBwXv, however T express one or more sorts of elements among Fe, Co, and nickel, R expresses 
one or more sorts in rare earth elements and X expresses one or more sorts in Cr, aluminum, Pt, and a 
platinum group, x which shows a presentation ratio, and z, w and v are atomic %s, and are 50<=x, 3<=z<=15, 
3<=w<=20, and 0<=v<=1 0. 

[Claim 11] A hard magnetic material according to claim 1 to 9 characterized by having the following 
empirical formula. 

While TxRzBwXv, however T express one or more sorts of elements among Fe, Co, and nickel, R expresses 
one or more sorts in rare earth elements and X expresses one or more sorts in Cr, aluminum, Pt, and a 
platinum group, x which shows a presentation ratio, and z, w and v are atomic %s, and are 80<=x<=92, 
4<= z <=10, 3<=w<=7, and 0<=v<=5. 

[Claim 12] A hard magnetic material according to claim 1 to 9 which has the following empirical formula and 
is characterized by residual magnetization Ir being 120 or more emu/g. 

While TxRzBw, however T express one or more sorts of elements among Fe, Co, and nickel and R 
expresses one or more sorts in rare earth elements, x which shows a presentation ratio, and z and w are 
atomic %s, and are 86<=x<=92, 3<=z<=7, and 3<=w<=7. 

[Claim 13] A hard magnetic material according to claim 1 to 9 characterized by having the following 
empirical formula. 

TxMyRzBwXv, however T express one or more sorts of elements among Fe, Co, and nickel. While M 
expresses one or more sorts of elements among Zr, Nb, Ta, Hf, V, Ti, Mo, and W, R expresses one or more 
sorts in rare earth elements and X expresses one or more sorts in Cr, aluminum, Pt, and a platinum group x 
which shows a presentation ratio, and y, z, w and v are atomic %s, and are 50<=x, 0<=y<=10, 3<=z<=15, 
3<=w<=20, and 0<=v<=10. 

[Claim 14] A hard magnetic material according to claim 1 to 9 characterized by having the following 
empirical formula. 

TxMyRzBwXv, however T express one or more sorts of elements among Fe, Co, and nickel. While M 
expresses one or more sorts of elements among Zr, Nb, Ta, Hf, V, Ti, Mo, and W, R expresses one or more 
sorts in rare earth elements and X expresses one or more sorts in Cr, aluminum, Pt, and a platinum group x 
which shows a presentation ratio, and y, z, w and v are atomic %s, and are 80<=x<=92, 1<=y<=5, 4<=z<=10, 
3<=w<=7, and 0<=v<=5. 

[Claim 15] A hard magnetic material according to claim 1 to 9 which has the following empirical formula and 
is characterized by residual magnetization Ir being 1 20 or more emu/g. 

While TxMyRzBw, however T express one or more sorts of elements among Fe, Co, and nickel, M 
expresses one or more sorts of elements among Zr, Nb, Ta, Hf, V, Ti, Mo, and W and R expresses one or 
more sorts in rare earth elements x which shows a presentation ratio, and y, z and w are atomic %s t and 
are 86<=x<=92, 0.5<=y<=3, 3<=z<=7, and 3<=w<=7. 

[Claim 16] A hard magnetic material characterized by coming to add Si in T element substitute below 
pentatomic % in a hard magnetic material according to claim 1 to 15. 

[Claim 17] A hard magnetic material characterized by coming to carry out 0.5- pentatomic % addition of the 
Si in T element substitute in a hard magnetic material according to claim 1 to 15. 

[Claim 18] A hard magnetic material characterized by coming to carry out 0.5-3 atom % addition of the Si in 
T element substitute in a hard magnetic material according to claim 1 to 15. 



[Claim 19] A maximum energy product (BH) A hard magnetic material according to claim 1 to 18 to which 
max is characterized by being larger than 50 kJ/m3. 

[Claim 20] A hard magnetic material characterized by coming to fabricate powder which consists of a hard 
magnetic material according to claim 1 to 19 with a sintering process. 

[Claim 21] A hard magnetic material characterized by mixing with charges of a binder, such as resin, and 
coming to fabricate powder which consists of a hard magnetic material according to claim 1 to 19. 
[Claim 22] A hard magnetic material according to claim 1 to 19 characterized by coming to carry out 
solidification shaping of the end of an alloy powder an amorphous phase is included 50% or more using a 
softening phenomenon which happens to crystallization reaction time of this amorphous phase. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention relates to the hard magnetic 
material excellent in the magnetic engine performance which can be used for a motor, an actuator, a 
loudspeaker, etc. about hard magnetic materials, such as a permanent magnet. 
[0002] 

[Description of the Prior Art] As a magnet material which generally has the engine performance superior to 
a ferrite magnet, the Nd-Fe-B sintered magnet, the Nd-Fe-B quenching magnet, etc. are known, and also 
many researches of an alloy magnet with a new Sm-Fe-N system magnet etc. are also made aiming at the 
high engine performance. However, in these magnet materials, since Nd more than 10 atom % or Sm more 
than 8 atom % was required and there was much amount of the expensive rare earth elements used, there 
was a defect that a manufacturing cost will become high rather than a ferrite magnet. Moreover, although 
cost of the ferrite magnet was low compared with these rare earth magnets, its magnetic property was 
inadequate. For this reason, an appearance of a magnet material as ********** more than a ferrite magnet 
shown was desired with the material containing lower-concentration rare earth elements. 
[0003] 

[Problem(s) to be Solved by the Invention] Therefore, the technical problem in this invention is to enable it 

to offer the hard magnetic material equipped with ********** excellent in low cost. 

[0004] 

[Means for Solving the Problem] In recent years, its attention is paid to a switched connection magnet 
obtained by combining magnetically a detailed soft magnetism phase and a hard magnetism phase in a field 
of a hard magnetic material as a new magnet material which has comparatively high residual magnetization. 
A dozens of nanometers microcrystal alloy obtained when this invention person etc. heat-treats Fe radical 
amorphous materials (Fe-(Zr, Hf, Nb)- B material) finds out having high saturation magnetization and 
outstanding soft magnetic characteristics, and has already carried out patent application (JP,5-93249,A 
etc.). A hard magnetic material of this invention is what each of charges of Fe radical alloy which show 
these outstanding soft magnetic characteristics, and charges of an alloy of a R-Fe-B system which shows 
high ********** made compound-ize these charges of an alloy, and used as a nano crystal material paying 
attention to Fe and B being included, and magnetic properties excellent in a presentation which is not in 
the former are acquired. A hard magnetic material of this invention can be preferably realized by controlling 
a difference of R concentration especially in each phase, and M concentration, and a difference of 
crystallization temperature of each phase, in case a diplophase organization which consists of a crystal 
phase of nano particle size and an amorphous phase of the remainder by heat-treating an amorphous 
phase is formed. 

[0005] In order to solve said technical problem namely, a hard magnetic material of this invention One or 
more sorts of elements T of Fe, Co, and the nickel and one or more sorts of elements R and B of the rare 
earth elements are included. T phase of 100nm or less of diameters of average crystal grain, Structure 
which made the main phase a diplophase organization of an R2Fe14B plane 1 of 100nm or less of diameters 
of average crystal grain and an amorphous phase is formed. And desirable ********** is obtained by 
controlling so that average concentration of the element R in an amorphous phase becomes larger than 



average concentration of the element R in T phase smaller than average concentration of the element R in 
an R2Fe14B plane 1. Moreover, a hard magnetic material of this invention may contain further one or more 
sorts of elements M of Zr ( Nb, Ta, Hf, V, Ti, Mo. and the W, and desirable ********** is obtained by 
controlling so that average concentration of the element M in an amorphous phase becomes larger than 
average concentration of the element M in T phase in this case smaller than average concentration of the 
element M in an R2Fe14B plane 1. Especially effective things are Zr, Nb, Ta, and Hf in these M element. 
[0006] A hard magnetic material of this invention heat-treats an alloy containing an amorphous phase 
beyond 50vol% including T, R, and B, and is preferably obtained by forming structure which makes the main 
phase a diplophase organization of T phase of 100nm or less of diameters of average crystal grain, an 
R2Fe14B plane 1 of 100nm or less of diameters of average crystal grain, and an amorphous phase. In this 
case, if a difference of deposit temperature of T phase from said amorphous phase and deposit 
temperature of an R2Fe14B plane 1 is 500 degrees C or less, more, while deposited previously at low 
temperature, it can stop that a crystal of a phase grows before a phase of another side deposits, and 
particle size becomes large, and a desirable fine crystal phase will be formed. Specifically, it is desirable 
that deposit temperature of T phase from said amorphous phase and deposit temperature of an R2Fe14B 
plane 1 are 500-1000 degrees C. Thus, when obtaining a hard magnetic material of this invention by heat- 
treating an alloy containing an amorphous phase, it is desirable that Curie temperature of an amorphous 
phase is beyond a room temperature. By making such a ferromagnetic amorphous phase remain, nano 
crystals can carry out magnetic association and good ********** is obtained. 

[0007] According to the hard magnetic material of this invention, including T f R, and B, a diplophase 
organization of T phase of 100nm or less of diameters of average crystal grain, an R2Fe14B plane 1 of 
100nm or less of diameters of average crystal grain, and an amorphous phase is made into the main phase, 
and a hard magnetic material in which residual magnetization Ir has outstanding ********** beyond 0.8T 
can be realized. Moreover, according to the hard magnetic material of this invention, a diplophase 
organization of T phase of 100nm or less of diameters of average crystal grain, an R2Fe14B plane 1 of 
100nm or less of diameters of average crystal grain, and an amorphous phase is made into the main phase 
including T, R, and B, and it is the ratio of residual magnetization Ir and saturation magnetization Is. Ir/Is 
can realize a hard magnetic material which has 0.6 or more outstanding **********. A hard magnetic 
material which has such outstanding ********** is preferably obtained by heat-treating an alloy containing 
an amorphous phase beyond 50vol% at 500-1000 degrees C especially including T, R, and B. In a hard 
magnetic material of this invention, if especially a volume fraction of T phase is 30 - 80%, since it makes a 
diplophase organization of T phase of 100nm or less of diameters of average crystal grain, an R2Fe14B 
plane 1 of 100nm or less of diameters of average crystal grain, and an amorphous phase into the main 
phase including T, R, and B, and T phase and an R2Fe14B plane 1 are in a good magnetic integrated state, 
it is desirable. 

[0008] As for a desirable presentation of a hard magnetic material of this invention, TxRzBwXv;X expresses 
one or more sorts in Cr, aluminum, Pt, and a platinum group, and x, and z, w and v are atomic %s, are 50<=x, 
3<=z<=15, 3<=w<=20, and 0<=v<=10, and are 80<=x<=92, 4<=z<=10, 3<=w<=7, and 0<=v<=5 more preferably. 
The corrosion resistance of a hard magnetic material can be raised by adding X. Moreover, TxRzBw;x, and z 
and w are atomic %s and can attain 86<=x<=92, 3<=z<=7, 3<=w<=7, then the high residual magnetization Ir 
of 120 or more emu/g. 

[0009] Moreover, a desirable presentation of a hard magnetic material of this invention is TxMyRzBwXv;x, y, 
z, w, and v are atomic %s, and it is 50<=x, 0<=y<=10, 3<=z<-15, 3<=w<=20, and 0<=v<=10, and is 80<=x<=92, 
K=y<=5, 4<=z<=10, 3<=w<=7, and 0<=v<=5 more preferably. Furthermore, TxMyRzBw;x, and y f z and w are 
atomic %s, and can attain 86<=x<=92, 0.5<=y<=3, 3<=z<=7, 3<=w<=7, then the high residual magnetization Ir 
of 1 20 or more emu/g. 

[0010] Moreover, Si can raise further the magnetic properties of a hard magnetic material especially 
coercive force He, and maximum magnetic energy (product BH) max preferably below pentatomic % in T 
element substitute 0.5 - pentatomic % and by making it more desirable 0.5-3 atom % addition. 
[0011] According to the hard magnetic material of this invention, maximum energy product (BH) max can 



realize outstanding ********** exceeding 50 kJ/m3. It may fabricate with a sintering process, or it may 
mix with charges of a binder, such as resin, powder which consists of a hard magnetic material of this 
invention may be fabricated, and a hard magnetic material of a consolidation object which has outstanding 
********** j s obtained. Moreover, if solidification shaping of the end of an amorphous substance alloy 
powder an amorphous phase is included especially 50% or more is carried out using a softening 
phenomenon which happens to crystallization reaction time of this amorphous phase, since a hard magnetic 
material which firm association is obtained and has powerful hard magnetism will be obtained, it is desirable. 
[0012] 

[Embodiment of the Invention] Hereafter, this invention is explained in detail. The hard magnetic material 
concerning this invention makes the main phase the diplophase organization of T phase of 100nm or less of 
diameters of average crystal grain, the R2Fe14B plane 1 of 100nm or less of diameters of average crystal 
grain, and an amorphous phase including one or more sorts of elements T of Fe, Co, and the nickel, and one 
or more sorts of elements R and B of the rare earth elements. 

[0013] Element T is the principal component of the hard magnetic material concerning this invention, and is 
an element which bears magnetism. If the presentation ratio x of T is made to increase, saturation 
magnetization Is will increase in connection with it. It is less than [ more than 80at%92at% ] more preferably, 
and, as for the concentration of T, it is preferably desirable more than 50at% and to consider as less than 
[ more than 86at%92at% ], for realizing high residual magnetization (Ir) of 120 or more emu/g. . In the hard 
magnetic material of this invention, it is required to contain Fe as some elements [ at least ] T. 
[0014] R expresses one or more sorts of elements of the rare earth metals (Sc, Y, La, Ce, Pr, Nd, Pm, Sm, 
Eu, Gd f Tb, Dy, Ho, Er, Tm, Yb, and Lu). Intermetallic-compound R2Fe 14B1 which deposits when the 
amorphous alloy containing R, and Fe and B is heated at a suitable temperature gives ********** 
excellent in the material of this invention. If the presentation ratio z of R is made to increase, saturation 
magnetization (Ir) will decrease in connection with it. Moreover, R is an element which is easy to form an 
amorphous substance, and if the presentation ratio of R is too small, a good amorphous phase or a fine 
crystal phase will not be obtained. Therefore, it is less than [ more than 4at%10at% ] more preferably, and, 
as for the concentration of R, it is preferably desirable less than [ more than 3at%1 5at% ] and to consider 
as less than [ more than 3at%7at% ], for realizing high residual magnetization (Ir) of 120 or more emu/g. If a 
part or all of R is furthermore constituted from Nd and/or Pr, still higher ********** will be obtained. 
[0015] Boron B is added by the hard magnetic material of this invention. It is the element with which B also 
tends to form an amorphous substance. Moreover, compound R2Fe 14B1 which deposits when the 
amorphous phase containing Fe and B is heated at a suitable temperature gives ********** to the 
material of this invention. In order to obtain an amorphous phase or a fine crystal phase, it is desirable to 
make concentration of B more than 3at%. moreover — since saturation magnetization (Is), residual 
magnetization (Ir), and coercive force (iHc) decrease with the increment in the presentation ratio (w) of B, 
in order to obtain good ********** — the concentration of B — desirable — less than [ 20at% ] — it may 
be less than [ 7at% ] more preferably. 

[0016] Moreover, to the hard magnetic material of this invention, one or more sorts of elements X may be 
added among Cr, aluminum, Pt, and a platinum group. The corrosion resistance of a hard magnetic material 
improves by adding X. however — since ********** will deteriorate if the concentration of X is too high - 
- X concentration — desirable — less than [ 10at% ] — it may be less than [ 5at% ] more preferably. 
Moreover, it is more desirable not to add X, in order to attain the high residual magnetization (Ir) of 120 or 
more emu/g. 

[0017] Moreover, the hard magnetic material of this invention may contain one or more sorts of elements 
M of Zr, Nb, Ta, Hf, V, Ti, Mo, and the W further. These elements have high amorphous organization 
potency. In the hard magnetic material concerning this invention, by adding M, also when rare earth 
elements (R) are low concentration, an amorphous phase can be formed. If the presentation ratio y of M is 
made to increase in rare-earth-elements (R) substitute, although residual magnetization (Ir) increases in 
connection with it, coercive force (iHc) will decline and it will change from ********** to soft magnetic 
characteristics. Moreover, if M is made to increase in T element substitute, reduction of saturation 



magnetization (Is) and residual magnetization Or) will arise. Therefore, in order to obtain good **********, 
less than [ 10at% ] and in order to consider as less than [ more than 1at%5at% ] more preferably and to 
realize high residual magnetization (Ir) of 120 or more emu/g, it is preferably desirable [ the concentration 
of M ] that it is less than [ more than 0.5at%3at% ]. Zr, Nb, Ta, and its Hf are effective, and when especially 
the element M is made into one or more sorts in these elements, it is more desirable. 

[0018] The hard magnetic material concerning this invention can be preferably obtained including Above T, 
R, and B by passing through the process which forms the amorphous alloy containing the amorphous phase 
beyond 50vol% preferably, and the process which it heat-treats [ process ] at a suitable temperature to the 
amorphous alloy, and deposits the bcc-Fe phase of 100nm or less of diameters of average crystal grain, 
and the R2Fe14B plane 1 of 100nm or less of diameters of average crystal grain. 

[0019] The method of spraying and quenching a molten metal to a rotating drum, and forming in thin band- 
like one, the method of spouting a_molten metal in the gas for cooling, quenching in the state of a drop, and 
forming in the shape of powder, sputtering, the method by the CVD method, etc. can be used for the 
method of obtaining said amorphous alloy. Moreover, heat treatment to said amorphous alloy can be 
performed using the heating means of arbitration. 

[0020] For example, when acquiring the consolidation object which consists of a hard magnetic material of 
this invention, an amorphous alloy is made into the shape of powder, and while fabricating the end of an 
alloy powder with a sintering process, the method of heat-treating at a predetermined temperature can be 
used, moreover — especially — an amorphous alloy — an amorphous phase — 50vol(s)% — if it carries 
out solidification shaping using the phenomenon which an amorphous phase softens in case this amorphous 
alloy is heated and it is made to crystallize in containing, since the permanent magnet which firm 
association is obtained and has powerful hard magnetism will be obtained, it is desirable. Or it may mix with 
charges of a binder, such as a sintering process or resin, and what carried out disintegration of the hard 
magnetic material which heat-treated the amorphous alloy with the heating means of arbitration, and was 
obtained may be fabricated. 

[0021] In the hard magnetic material of this invention, each diameter of average crystal grain of T phase 
and an R2Fe14B plane 1 is 100nm or less, and it is desirable that the average concentration of R in an 
amorphous phase is smaller than the average concentration of R in an R2Fe14B plane 1 f and larger than 
the average concentration of R in T phase. Moreover, when M other than T, R, and B is included further, 
the average concentration of M in an amorphous phase is smaller than the average concentration of M in 
an R2Fe14B plane 1, and a large thing is more desirable than the average concentration of M in T phase. 
Control of the diameter of average crystal grain of the crystal phase in such a hard magnetic material and 
the concentration of each atom in each phase is realizable by controlling the heat treatment conditions at 
the time of heat-treating an amorphous alloy and obtaining a hard magnetic material. 
[0022] Moreover, in the hard magnetic material of this invention, it is 200 degrees C or less that the 
difference of the deposit temperature of T phase from an amorphous phase at the time of heat-treating an 
amorphous alloy and the deposit temperature of an R2Fe14B plane 1 is 500 degrees C or less desirable still 
more preferably. Thus, since grain growth of the phase which deposits previously at low temperature more 
is suppressed according to the deposit temperature of T phase and the deposit temperature of an 
R2Fe14B plane 1 being dramatically near, each diameter of average crystal grain of T phase and an 
R2Fe14B plane 1 can obtain preferably the hard magnetic material which is 100nm or less. Concretely, 
although the deposit temperature of T phase and an R2Fe14B plane 1 changes with the presentations of an 
alloy, it is 500-1000 degrees C preferably. Therefore, the range of the heating temperature at the time of 
heat-treating an amorphous alloy and obtaining the hard magnetic material of this invention is 500-1000 
degrees C, and it is preferably set up with the presentation of an amorphous alloy. 
[0023] Furthermore in the hard magnetic material of this invention, it is characterized by the Curie 
temperature of the amorphous phase before heat treatment being 50 degrees C or more. Therefore, since 
such a ferromagnetic amorphous phase remains, nano crystals can carry out magnetic association and 
good ********** is obtained by the hard magnetic material of this invention. 

[0024] Moreover, in the hard magnetic material of this invention, it is desirable that the volume fraction of 



T phase is 30 - 80%. If there are few T phases than this, residual magnetization Ir will become low, and if 
[ than this ] more, coercive force iHc will become low. The volume fraction of T phase in the hard magnetic 
material of this invention is controllable by presentation control and control of heat treatment temperature. 
[0025] The hard magnetic material concerning this invention shows the switched connection magnet 
property of having combined the detailed soft magnetism phase obtained by realizing a detailed organization, 
and the hard magnetism phase, and outstanding ********** is obtained. Specifically, it is the ratio of the 
hard magnetic material and residual magnetization Ir which haye the residual magnetization beyond 0.8T, 
and saturation magnetization Is. Ir/Is The hard magnetic material which is 0.6 or more, and the hard 
magnetic material to which maximum energy product (BH) max exceeds 50 kJ/m3 are realizable. Moreover, 
since good ********** is obtained even if it lessens the content of rare earth elements, the hard magnetic 
material concerning this invention can be manufactured with a comparatively low manufacturing cost. 
[0026] Moreover, in the hard magnetic material of this invention, if Si element is added in T element 
substitute, magnetic properties especially coercive force He, and maximum magnetic energy (product BH) 
max can be raised further. Since the magnetic properties of a hard magnetic material will become [ the 
presentation ratio of T element ] low rather bad at a ** sake if many [ too ], as for the addition of Si 
element, it is more preferably desirable preferably 0.5 - pentatomic % and to consider as the range of 0.5 - 
3 atom % still more preferably, and to set up suitably according to a presentation, heat treatment 
conditions, etc. of an alloy below pentatomic %. Thus, especially the hard magnetic material by which 
coercive force has been improved is effective as a magnet for small motors. 
[0027] 

[Example] The alloy thin band of various presentations was formed by about 20-micrometer board 
thickness as follows, respectively. First, the ingot was produced with the arc solution process and the 
quenching thin band with a thickness of about 20 micrometers was produced by blowing off the metal 
which dissolved in up to Cu roll which is rotating in Ar ambient atmosphere. Subsequently, the obtained 
quenching thin band was heat-treated for about 180 seconds at a predetermined temperature in the 
ambient atmosphere of 1x10 - 2 or less Pa. About the obtained sample, magnetic properties were 
measured at the room temperature all over the impression magnetic field of 1430 kA/m using VSM 
(oscillating sample mold magnetometer). Moreover, the X-ray diffractometer which used Cu-K alpha rays, 
and high-resolution transmission electron microscope observation performed structure of an organization. 
Although magnetization may not be saturated with the impression magnetic field of 1430 kA/m depending 
on a sample, in this explanation, it was dealt with as saturation magnetization. 

[0028] Drawing 1 and drawing 2 show the high-resolution transmission electron microscope image of the 
thin band sample immediately after quenching, as for drawing 1 , a presentation shows the thing x>f Fe88Pr7 
B5 f and, as for drawing 2 , a presentation shows the thing of Fe88Nb2Pr5 B5, respectively. As shown in this 
drawing, as for each of Fe88Pr7 B5 which is within the limits of the presentation of this invention, and 
Fe88Nb2Pr5 B5, it is admitted that rare earth elements Pr form the amorphous phase immediately after 
quenching in spite of 5 - 7 atom % and low concentration. 

[0029] Drawing 3 and drawing 4 show the X diffraction result of the thin band sample which heat-treated 
the amorphous alloy thin band of Fe88Pr7 B5 ( drawing 3 ), and the amorphous alloy thin band of 
Fe88Nb2Pr5 B5 ( drawing 4 ) at each heating temperature Ta, respectively, and was obtained. O in drawing 
shows the diffraction peak by bcc-Fe, and - shows the diffraction peak by R2Fe 14B1. These drawings 
show that it is admitted that the bcc-Fe phase and the Fe14Pr2B plane 1 deposit after 700-degree C heat 
treatment, and the diplophase organization which made the main phase the bcc-Fe phase, the Fe14Pr2B 
plane 1, and the three phase circuit of an amorphous phase is formed, if it is in Fe88Pr7 B5 and is in 
Fe88Nb2Pr5 B5 after 650-degree C heat treatment. Moreover, although not illustrated, it turns out that 
there are some as which the diffraction peak of Fe3 B phase is regarded according to the X diffraction 
after heat treatment depending on the presentation of this invention within the limits, and it has diplophase 
organization which made the main phase the bcc-Fe phase, the R2Fe14B plane 1, and Fe3 B phase and an 
amorphous phase in this case. 

[0030] Drawing 5 shows the DSC curve (Differential Scanning Caloriemeter: measured value by the 



differential thermal analyzer) when carrying out temperature up of the amorphous alloy thin band of 
Fe88Pr7 B5, and the amorphous alloy thin band of Fe88Nb2Pr5 B5 in a second in 0.66 degrees C /. In this 
DSC curve, if it is in the amorphous alloy thin band of Fe88Pr7 B5, the exothermic peak accompanying the 
simultaneous deposit of a bcc-Fe phase and a Fe14Pr2B plane 1 is seen near about 577 degree C. 
Moreover, if it is in the amorphous alloy thin band of Fe88Nb2Pr5 B5, the exothermic peak accompanying 
the deposit of a bcc-Fe phase is seen near about 577 degree C, the exothermic peak accompanying the 
deposit of a Fe14Pr2B plane 1 is seen near about 677 degree C, and it turns out that the difference of the 
deposit temperature of a bcc-Fe phase and the deposit temperature of a Fe14Pr2B plane 1 is about 100 
degrees C. 

[0031] Drawing 6 shows the temperature change of magnetization of the amorphous alloy thin band of 
Fe88Pr7 B5, and the amorphous alloy thin band of Fe88Nb2Pr5 B5. As shown in this drawing, with lifting of 
temperature, magnetization decreases and is set to 0 at about 127 degrees C. The Curie temperature of 
these amorphous alloys is about 127 degrees C, and this shows that it is beyond a room temperature. 
Moreover, after magnetization carries out the increment in an end in a 527-577-degree C elevated 
temperature, it decreases again and the inclination set to 0 at about 827 degrees C is seen. This shows 
that the crystallization temperature of an amorphous phase is about 527-577 degrees C, and the Curie 
temperature of a crystal phase is about 827 degrees C. 

[0032] Drawing 7 shows the ratio (square-shape ratio: Ir/I1430) of the residual magnetization after heat 
treatment (Ir) f residual magnetization Ir, and saturation magnetization Is (1430kA of impression magnetic 
fields), and the heat treatment temperature dependence of coercive force (iHc) about the amorphous alloy 
thin band of Fe88Pr7 B5, and the amorphous alloy thin band of Fe88Nb2Pr5 B5. It turns out that good 
****5M:**** j s obtained in the range whose heat treatment temperature is 650-800 degrees C, about 700 
degrees C is desirable especially as a heat treatment temperature of Fe88Pr7 B5, and about 750 degrees 
C is more desirable than this result as a heat treatment temperature of Fe88Nb2Pr5 B5. 
[0033] Drawing 8 is what showed typically change of the metal texture by heat treatment of the amorphous 
alloy thin band of Fe88Pr7 B5, and, as for (a), (c) shows the condition after heat treatment at 800 degrees 
C after heat treatment by 650 degrees C immediately after quenching, respectively, as for (b). If it is in the 
amorphous alloy thin band of Fe88Pr7 B5 as shown in this drawing After forming the amorphous phase 1 
immediately after quenching and heat-treating (a) at 650 degrees C, (b) The organization which consists of 
a three phase circuit of the bcc-Fe phase 2, the Fe14Pr2B plane 1 3, and the amorphous phase 1 is 
formed, in (c) from which heat treatment temperature becomes 800 degrees C t the crystal of bcc-Fe and 
the crystal of Fe14Pr2B1 grew, and the amorphous phase is almost lost. 

[0034] Drawing 9 shows the organization condition by the transmission electron microscope photograph of 
the thin band sample of the condition after heat treatment by drawing 8 (b), i.e., 650 degrees C. Moreover, 
drawing 10 (a) - (c) shows the result of the EDS analysis (energy dispersion mold spectral analysis) by the 
nano beam in the points 3, 7, and 5 in drawing 9 , respectively. Concentration of elements other than B is 
made into 100% about this EDS analysis. The points 2 and 3 in drawing 9 are [ a Fe14Pr2B plane 1 and the 
point 5 of a bcc-Fe phase and a point 4.7 ] amorphous phases. Moreover, Pr concentration [ in / from 
drawing 1 0 / each phase ] was [ in the Fe14Pr2B plane 1 ] 0.4 atom % in 1 1.9 atom % and a bcc-Fe phase 
at 14.1 atom % and an amorphous phase at many order. 

[0035] Moreover, drawing 1 1 shows the organization condition by the transmission electron microscope 
photograph of the thin band sample of the condition after heat treatment by drawing 8 (c), i.e., 800 degrees 
C, and drawing 1 2 (a) and (b) show the result of the EDS analysis in the points 1 and 2 in drawing 1 1 , 
respectively. As shown in drawing 12 , the point 1 in drawing 1 1 is a bcc-Fe phase, a point 2 is a Fe14Pr2B 
plane 1, and most amorphous phases were not accepted. Moreover, Pr concentration was 0.7 atom % in 
12.8 atom % and a bcc-Fe phase at the Fe14Pr2B plane 1. 

[0036] what showed typically change of the metal texture according [ drawing 1 3 ] to heat treatment of the 
amorphous alloy thin band of Fe88Nb2Pr5 B5 — it is — (a) — immediately after quenching and (b) — by 
650 degrees C, at 750 degrees C, (c) shows the condition after heat treatment at 850 degrees C after heat 
treatment, and (d) shows the condition after heat treatment, respectively. If it is in the amorphous alloy 



thin band of Fe88Nb2Pr5 B5 as shown in this drawing After forming the amorphous phase 1 immediately 
after quenching and heat-treating (a) at 650 degrees C, (b) After the bcc-Fe phase 2 and the Fe14Pr2B 
plane 1 3 deposit slightly and heat-treat at 750 degrees C, the suitable organization which (c) becomes 
from the three phase circuit of the bcc-Fe phase 2, the Fe14Pr2B plane 1 3, and the amorphous phase 1 is 
formed. And in (d) from which heat treatment temperature becomes 850 degrees C, the crystal of bcc-Fe 
and the crystal of Fe14Pr2B1 grew, and the amorphous phase is almost lost. Moreover, the Fe-Nb phase 4 
also deposits. 

[0037] Drawing 14 shows the organization condition by the transmission electron microscope photograph of 
the thin band sample of the condition after heat treatment by drawing 13 (b), i.e., 650 degrees C. Moreover, 
drawing 15 (a) - (c) shows the result of the EDS analysis in the points 1-3 in drawing 14 , respectively. The 
points 1 in drawing 14 are [ a Fe14Pr2B plane 1 and the point 3 of a bcc-Fe phase and a point 2 ] 
amorphous phases. Pr concentration was [ in the Fe14Pr2B plane 1 ] 2.0 atom % in 6.5 atom % and a bcc- 
Fe phase at 1 1.4 atom % and an amorphous phase at many order. Moreover, Nb concentration was [ in the 
amorphous phase ] 1.4 atom % in 1.5 atom % and a bcc-Fe phase at 2.4 atom % and a Fe14Pr2B plane 1 at 
many order. In this condition, Nb concentration in an amorphous phase is higher than Nb concentration in a 
Fe14Pr2B plane 1. 

[0038] Drawing 1 6 shows the organization condition by the transmission electron microscope photograph of 
the thin band sample of the condition after heat treatment by drawing 1 3 (c), i.e., 750 degrees C, and 
drawing 1 7 (a) and (b) show the result of the EDS analysis in the points 1 and 2 in drawing 16 , respectively. 
The point 1 in drawing 16 is a bcc-Fe phase, and a point 2 is a Fe14Pr2B plane 1. Pr concentration was 2.0 
atom % in 12.0 atom % and a bcc-Fe phase at the Fe14Pr2B plane 1. Moreover, both the Fe14Pr2B plane 1 
and the bcc-Fe phase of Nb concentration were 1 .2 atom %s. When the result of said drawing 7 is taken 
into consideration, it turns out that the desirable hard magnetism property is acquired in this condition. 
[0039] Drawing 18 shows the organization condition by the transmission electron microscope photograph of 
the thin band sample of the condition after heat treatment by drawing 13 (d), i.e., 850 degrees C, and 
drawing 19 (a) - (c) shows the result of the EDS analysis in the points 1 , 2, and 3 in drawing 1 8 , 
respectively. The point 1 in drawing 18 is the phase of Nb Rich by whom a bcc-Fe phase and a point 2 are 
considered to be Fe14Pr2B planes 1, and a point 3 is considered to be a Fe-Nb phase, and most 
amorphous phases were not accepted. Pr concentration was [ in the Fe14Pr2B plane 1 ] 0.7 atom % in 0.9 
atom % and a bcc-Fe phase at 14.1 atom % and a Fe-Nb phase. Moreover, Nb concentration was 12.4 
atom % in the Fe-Nb phase, and was 0 in the Fe14Pr2B plane 1 and the bcc-Fe phase. [ most ] Thus, as 
for the amorphous alloy thin band of Fe88Nb2Pr5 B5 containing Nb, it turns out that the amorphous phase 
remains to a higher heating temperature, and desirable magnetic properties are acquired at a heating 
temperature higher than Fe88Pr7 B5 compared with the amorphous alloy thin band of Fe88Pr7 B5. 
[0040] Drawing 20 shows the temperature change of magnetization of the hard magnetic material which 
heat-treated the amorphous alloy thin band of Fe88Pr7 B5 at 650 degrees C, and was obtained, and the 
hard magnetic material which heat-treated the amorphous alloy thin band of Fe88Nb2Pr5 B5 at 750 
degrees C, and was obtained. As shown in this drawing, magnetization is decreasing at two steps with lifting 
of temperature. This shows that two phases of phases which participate in magnetization of a hard 
magnetic material exist. Moreover, since the degree of reduction in magnetization is changing near 307 
degree C, this neighborhood is the Curie temperature of a Fe14Pr2B plane 1, and since the degree of 
reduction in magnetization is changing near 807 degree C, it turns out that this neighborhood is the Curie 
temperature of a bcc-Fe phase. Here, it is considered to be because for a volume fraction to be [ that 
magnetization is low and ] small that the step of the magnetization resulting from an amorphous phase is 
not seen. 

[0041] Drawing 21 shows the 2nd quadrant of the magnetization curve of the hard magnetic material which 
heat-treated the amorphous alloy thin band of Fe88Pr7 B5 at 650 degrees C, and was obtained, and the 
hard magnetic material which heat-treated the amorphous alloy thin band of Fe88Nb2Pr5 B5 at 750 
degrees C, and was obtained. Moreover, the volume fraction of a bcc-Fe phase is shown with ratio Ir/Is of 
saturation magnetization 11430 (T), residual magnetization Ir (T), residual magnetization Ir, and saturation 



magnetization Is, coercive force iHc (kA/m) and maximum magnetic energy (product BH) max (kJ/m3), and 
the diameter of average crystal grain of a bcc-Fe phase and a Fe14Pr2B plane 1 in the following table 1 as 
magnetic properties of these hard magnetic materials. Measurement of magnetic properties was performed 
at the room temperature all over the impression magnetic field of 1430 kA/m using VSM (oscillating sample 
mold magnetometer). Thus, any hard magnetic material had the bcc-Fe phase of 50nm or less of diameters 
of average crystal grain, and the Fe14Pr2B plane 1 of 10nm or less of diameters of average crystal grain, 
and more than one half of volume was a bcc-Fe phase. And in any hard magnetic material, residual 
magnetization had outstanding ********** to which more than LOT and Ir/Is exceed 0.7 or more, and a 
maximum energy product exceeds 60 kJ/m3. Moreover, it turns out that the magnetization curve is the 
same magnetization curve as the magnetic material which consists of a single phase as which a step is not 
regarded, and the switched connection magnet which the detailed soft magnetism phase and the hard 
magnetism phase combined magnetically is formed. 
[0042] 

> table 1 ] . 





I 1 430 

<T) 


Ir 

(T) 


Ir/Is 


iHc 

(Am" 1 ) 


(BH)ma x 

(kJnf 3 ) 


(nm) 


bccffi©#3S 


Fe88Pr7Bs 
700^0 


1.45 


1.06 


0.73 


207 


60 


50(bcc-Fe) 
10(Fei4Pr 2 B) 


51 


Fe88Nb2PrsB5 
750°C 


1,58 


1.23 
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[0043] Drawing 22 shows the magnetic properties of the hard magnetic material which heat-treated the 
amorphous alloy thin band of the presentation which added Si in Fe86Nb2Pr7 B5, and was obtained in Fe 
substitute. Si concentration was changed in the range of 0 - 3 atom %, and saturation magnetization Bs (T) f 
residual magnetization Br (T), coercive force iHc (kA/m), and maximum magnetic energy (product BH) max 
(kJ/m3) were measured as magnetic properties of a hard magnetic material. Heat treatment temperature of 
an amorphous alloy thin band was made into 750 degrees C. As shown in this graph, also in the hard 
magnetic material which added Si f three or more 50 kJ/m good ********** was obtained for maximum 
magnetic energy (product BH) max, and if it was in Fe86Nb2Pr7 B5 at Fe84Si2Nb2Pr7 B5 which did 2 
atom % addition of Si, the value which was excellent in coercive force iHc=4.05 kA/m and maximum 
magnetic energy (product BH) max=71.05 kJ/m3 was acquired especially. 

[0044] The detailed data of the magnetic properties of the hard magnetic material which added Si and was 

obtained by the alloy of the various presentations concerning this invention in Fe substitute at the 

following tables 2-8 is shown. Si concentration was changed within the limits of 0 - 6 atom %, and 

measured saturation magnetization Bs (T), residual magnetization Br (T), coercive force iHc (kA/m), and 

maximum magnetic energy (product BH) max (kJ/m3) as magnetic properties of a hard magnetic material. 

Moreover, the heat treatment temperature (degree C) of an amorphous alloy thin band is shown in 0 in a 

table. 
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[A table 2] 
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[0046] 
[A table 3] 
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50.23(800) 


69.50(750) 


71.50(750) 




53.93(750) 




42.40(781) 
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40.36(800) 




40.61(797) 


49.39(787) 




10.31(850) 
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[A table 4] 
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[0047] 
[A table 5] 





Fe8 7-xSixNb2PreBs 




x = 0 


x=0. 5 


x=l x=2 


x = 4 
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1.47(750) 


1.46(750) 


1.41(750) 


1.4«(750) 


1.46(750) 


1.39(800) 


1.47(800) 


1.46(800) 


1.40(800) 


1.44(800) 


Br 
(T) 


1.13(750) 


1.12(750) 


1.14(750) 


1.17(750) 


1.18(750) 


1.11(800) 


1.14(800) 


1.21(800) 


1.12(800) 


1.15(800) 
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(kA/Q) 


249.88(750) 


290.47(750) 


294.45(750) 


263.41(750) 


252.27(750) 


228.39(800) 


219.64(800) 


204.52(800) 


239.54(800) 
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[0048] 
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55.91(800) 
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[0049] 
[A table 7] 
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x = 0 


x= 1 
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x = 4 
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(T) 


1.32(750) 


1.29(750) 


1.25(750) 


1.28(750) 


1.34(800) 


1.32(800) 
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1.30(800) 
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0.84(750) 
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0.91(750) 


0.81(800) 


0.85(800) 


0.90(800) 


0.89(800) 


iHc 
(kA/m) 


257.84(750) 


306.38(750) 
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217.25(800) 
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45.54(750) 
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49.33(750) 
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[0050] 
[A table 8] 





Fe8 7-xSixNb2NdeB5 




x=0 I x=l x=3 


B s 
(T) 


1.40(750) 


1.41(750) 


1.47(750) 


1.42(800) 


1.43(800) 


1.41(800) 


Br 
(T) 


1,13(750) 


1.15(750) 


1.22(750) 


1.13(800) 


1.13(800) 


1.14(800) 


iHc 
(kA/m) 


227.60(750) 


238.74(750) 


245.90(750) 


172.69(800) 


249.89(800) 


204.52(800) 


B Hmax 
(kJ/m 3 ) 


27.13(750) 


30.15(750) 


32.25(750) 


20.33(800) 


41.11(800) 


28.53(800) 


[0051] 
[A table 9] 




Fe8 4-xSixNb2NdiB7 


x=0 


x= 1 


x=3 
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1.21(750) 


1.23(750) 


1.21(750) 


1.23(800) 


1.22(800) 


1.23(800) 


Br 
(T) 


0.74(750) 


0.77(750^ 


0.75(750) 


0.76(800) 


0.73(800) 


0.76(800) 


iHc 
(kA/m) 


253.06(750) 


280.92(750) 


218.05(750) 


218.05(800) 


237.94(800) 


263.41(800) 


B Hmax 
(kJ/m 3 ) 


42.74(750) 


55.93(750) 


50.35(750) 


34.02(800) 


47.74(800) 


53.45(800) 



[0052] 

[Effect of the Invention] As explained above, the hard magnetic material of this invention contains one or 
more sorts of elements T of Fe, Co, and the nickel, and one or more sorts of elements R and B of the rare 
earth elements. T phase of 100nm or less of diameters of average crystal grain, The structure which made 
the main phase the diplophase organization of the R2Fe14B plane 1 of 100nm or less of diameters of 
average crystal grain and an amorphous phase is formed. And desirable ********** is obtained by 
controlling so that the average, concentration of the element R in an amorphous phase becomes larger than 
the average concentration of the element R in T phase smaller than the average concentration of the 
element R in an R2Fe14B plane 1. Moreover, since good ********** is obtained even if it lessens the 
content of rare earth elements, it can manufacture with a comparatively low manufacturing cost. 
[0053] Moreover, the hard magnetic material of this invention may contain further one or more sorts of 
elements M of Zr, Nb, Ta, Hf, V, Ti, Mo, and the W, and desirable ********** is obtained by controlling so 
that the average concentration of the element M in an amorphous phase becomes larger than the average 
concentration of the element M in T phase in this case smaller than the average concentration of the 
element M in an R2Fe14B plane 1. Since these elements M can form an amorphous phase also when rare 
earth elements (R) will be low concentration if Element M is added since amorphous organization potency 
is high, they are desirable. 



[0054] The hard magnetic material of this invention heat-treats the alloy containing the amorphous phase 
beyond 50vol% including T, R, and B, and is preferably obtained by forming the structure which makes the 
main phase the diplophase organization of T phase of 100nm or less of diameters of average crystal grain, 
the R2Fe14B plane 1 of 100nm or less of diameters of average crystal grain, and an amorphous phase. In 
this case, if the difference of the deposit temperature of T phase from said amorphous phase and the 
deposit temperature of an R2Fe14B plane 1 is 500 degrees C or less, more, while deposited previously at 
low temperature, it can stop that the crystal of a phase grows before the phase of another side deposits, 
and particle size becomes large, a desirable fine crystal phase will be formed, and good ********** w i|| be 
obtained. Specifically, it is desirable that the deposit temperature of T phase from said amorphous phase 
and the deposit temperature of an R2Fe14B plane 1 are 500-1000 degrees C. Thus, when obtaining the 
hard magnetic material of this invention by heat-treating the alloy containing an amorphous phase, it is 
desirable that the Curie temperature of the amorphous phase before said heat treatment is 50 degrees C 
or more. By making such a ferromagnetic amorphous phase remain, nano crystals can carry out magnetic 
association and good ********** is obtained. 

[0055] According to the hard magnetic material of this invention, including T, R, and B, the diplophase 
organization of T phase of 100nm or less of diameters of average crystal grain, the R2Fe14B plane 1 of 
100nm or less of diameters of average crystal grain, and an amorphous phase is made into the main phase, 
and the hard magnetic material in which residual magnetization Ir has outstanding ********** beyond 0.8T 
can be realized. Moreover, according to the hard magnetic material of this invention, the diplophase 
organization of T phase of 100nm or less of diameters of average crystal grain, the R2Fe14B plane 1 of 
100nm or less of diameters of average crystal grain, and an amorphous phase is made into the main phase 
including T, R f and B, and it is the ratio of residual magnetization Ir and saturation magnetization Is. Ir/Is 
The hard magnetic material which has 0.6 or more outstanding ********** is realizable. The hard magnetic 
material which has such outstanding ********** is preferably obtained by heat-treating the alloy 
containing the amorphous phase beyond 50vol% at 500-1000 degrees C especially including T f R, and B. In 
the hard magnetic material of this invention, if especially the volume fraction of T phase is 30 - 80%, since 
it makes the diplophase organization of T phase of 100nm or less of diameters of average crystal grain, the 
R2Fe14B plane 1 of 100nm or less of diameters of average crystal grain, and an amorphous phase into the 
main phase including T, R, and B, and the high residual magnetization Ir and the high coercive force iHc can 
be held, it is desirable. 

[0056] As for the desirable presentation of the hard magnetic material of this invention, TxRzBwXv;X 
expresses one or more sorts in Cr, aluminum, Pt, and a platinum group, and x, and z, w and v are atomic %s, 
are 50<=x, 3<=z<=15, 3<=w<=20, and 0<=v<=10, and are 80<=x<=92, 4<=z<=10, 3<=w<=7, and 0<=v<=5 more 
preferably. The corrosion resistance of a hard magnetic material can be raised by adding X. Moreover, 
TxRzBw;x, and z and w are atomic %s and can attain 86<=x<=92, 3<=z<=7, 3<=w<=7, then the high residual 
magnetization Ir of 120 or more emu/g. 

[0057] Moreover, the desirable presentation of the hard magnetic material of this invention is 
TxMyRzBwXv;x, y. z, w, and v are atomic %s, and it is 50<=x, 0<=y<=10, 3<=z<=15, 3<=w<=20, and 0<=v<=10, 
and is 80<=x<=92, 1<=y<=5, 4<=z<=10, 3<=w<=7, and 0<=v<=5 more preferably. Furthermore, TxMyRzBw;x, 
and y, z and w are atomic %s, and can attain 86<=x<=92, 0.5<=y<=3, 3<=z<=7, 3<=w<=7, then the high 
residual magnetization Ir of 120 or more emu/g. 

[0058] Moreover, Si can raise further the magnetic properties of a hard magnetic material especially 
coercive force He, and maximum magnetic energy (product BH) max preferably below pentatomic % in T 
element substitute 0.5 - pentatomic % and by making it more desirable 0.5-3 atom % addition. 
[0059] According to the hard magnetic material of this invention, maximum energy product (BH) max can 
realize outstanding ********** exceeding 50 kJ/m3. It may fabricate with a sintering process, or it may 
mix with charges of a binder, such as resin, the powder which consists of a hard magnetic material of this 
invention may be fabricated, and the hard magnetic material of a consolidation object which has 
outstanding ********** is obtained. Moreover, if solidification shaping of the end of an amorphous 
substance alloy powder an amorphous phase is included especially 50% or more is carried out using the 



softening phenomenon which happens to the crystallization reaction time of this amorphous phase, since 
the hard magnetic material which firm association is obtained and has powerful hard magnetism will be 
obtained, it is desirable. 



[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the electron microscope photograph in which the metal texture immediately after 
quenching of the amorphous alloy thin band concerning this invention is shown. 
[Drawing 2] It is the electron microscope photograph in which the metal texture immediately after 
quenching of the amorphous alloy thin band concerning this invention is shown. 

[Drawing 3] It is the graph which shows the X diffraction result of the sample which heat-treats the 
amorphous alloy thin band concerning this invention, and is obtained. 

[Drawing 4] It is the graph which shows the X diffraction result of the sample which heat-treats the 
amorphous alloy thin band concerning this invention, and is obtained. 

[Drawing 5] It is the graph which shows the DSC curve of the amorphous alloy thin band concerning this 
invention. 

[Drawing 6] It is the graph which shows the temperature change of magnetization of the amorphous alloy 
thin band concerning this invention. 

[Drawing 7] It is the graph which shows the heat treatment temperature characteristic of the magnetic 
properties of the hard magnetic material concerning this invention. 

[Drawing 8] It is what showed typically the metal texture of the amorphous alloy thin band concerning this 
invention, and, as for (a), (c) of (b) is immediately after quenching explanatory drawing showing the 
condition after heat treatment at 800 degrees C, respectively after heat treatment at 650 degrees C. 
[Drawing 9] It is drawing having shown typically the electron microscope photograph in which the metal 
texture of the sample which heat-treats the amorphous alloy thin band concerning this invention, and is 
obtained is shown. 

[Drawing 10] (a) - (c) is a graph which shows the EDS analysis result in each point of the sample which 
heat-treats the amorphous alloy thin band concerning this invention, and is obtained. 
[Drawing 1 1] It is drawing having shown typically the electron microscope photograph in which the metal 
texture of the sample which heat-treats the amorphous alloy thin band concerning this invention, and is 
obtained is shown. 

[Drawing 12] (a) and (b) are graphs which show the EDS analysis result in each point of the sample which 
heat-treats the amorphous alloy thin band concerning this invention, and is obtained. 

[Drawing 1 3] It is what showed typically the metal texture of the amorphous alloy thin band concerning this 
invention, and (a) is immediately after quenching and (c) of (b) is explanatory drawing in which (d) shows 
the condition after heat treatment at 850 degrees C after heat treatment by 750 degrees C, respectively 
after heat treatment at 650 degrees C. 

[Drawing 14] It is drawing having shown typically the electron microscope photograph in which the metal 
texture of the sample which heat-treats the amorphous alloy thin band concerning this invention, and is 
obtained is shown. 

[Drawing 1 5] (a) - (c) is a graph which shows the EDS analysis result in each point of the sample which 
heat-treats the amorphous alloy thin band concerning this invention, and is obtained. 
[Drawing 1 6] It is drawing having shown typically the electron microscope photograph in which the metal 
texture of the sample which heat-treats the amorphous alloy thin band concerning this invention, and is 
obtained is shown. 



[Drawing 17] (a) and (b) are graphs which show the EDS analysis result in each point of the sample which 
heat-treats the amorphous alloy thin band concerning this invention, and is obtained. 
[Drawing 18] It is drawing having shown typically the electron microscope photograph in which the metal 
texture of the sample which heat-treats the amorphous alloy thin band concerning this invention, and is 
obtained is shown. 

[Drawing 19] (a) - (c) is a graph which shows the EDS analysis result in each point of the sample which 
heat-treats the amorphous alloy thin band concerning this invention, and is obtained. 
[Drawing 20] It is the graph which shows the temperature change of magnetization of the hard magnetic 
material concerning this invention. 

[Drawing 21] It is the graph which shows the 2nd quadrant of the magnetization curve of the hard magnetic 
material concerning this invention. 

[Drawing 22] It is the graph which shows Si concentration dependency of the magnetic properties of the 
hard magnetic material concerning this invention. 
[Description of Notations] 

1 Amorphous Phase 

2 Bcc-Fe Phase 

3 Fe14Pr2B Plane 1 

4 Fe-Nb Phase 
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Bw;x, z, wteHTfXT, 86^x^92, 3^z 
^7, 3^7ttnH 1 2 0 emu/gRJt©ig so 



[0 0 0 9] *fc#»9!©««tt»»©»*L-lr*US - 
TxMyRzBwXv ; x, y, z, w, vBIf% 
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« (BH) max>&<5 0 k J /m$ : %:M%-Z>QktltzM1& 
SWtfeUST?**. #3SW©«Btt»»*»&fc<&®* 

*EE«#©W«tt«»J&«#6n*. SfcWK. 

& 5 0 X#±*tf#fiK£&»5|5S, K^SKtlWilgJI 

umm 5 n* ©t» * u 

[0 0 12] 

*J8WC*58Btt»»H. Fe. Co, Ni©5*.© 

iffl£U©7tifn\ *±«7£^©5-fe©iaa±©7c^ 

R. fcJitfFS^*. ¥J£ISA&S1 0 Onm£TF©T 
«t. ¥^SSS1 0 0 nm«T©R2Fei4Biffi 
t. #flHffi£©lMHll^*±ffi£1~4'fc©T?a*. 

[0013] TcSiTra, *^wt:«s««tt*J^©^j* 

att^rffi^Tt^T*^. T©ffljj£J*x£ifj!!n 
^fttffoTMftl s*»*lp-r*. T© 
J§S«5?S L<«5 0 a t ckD*?i;L<te8 0 

at%H±92at%&TO0, 1 20emu/g^ 
±©Kt>3SSB<fc (I r) ^ani:fl8.6at%a 
±9 2 a tXfiilT &■*"*©**#* . #18^©®® 
ttWttfciS^Ttt, ?ciiiT©*!>&< <h iL-TF e 

[0014] R «S±^^S (Sc, Y, La, Ce. 
Pr, Nd, Pm, Sm. Eu, Gd, Tb, Dy, H 
o, Er. Tm. Yb, *itfLu) ©?-&©lffl&± 

uottaKTttij»Lfct#fc:«rmr**JBiafl:^«iR2F 

ei4Bi»4, *56W©»»K«n&«««»tt*ft#-r 

**>©■?**. R©m^itz fcifijQjs-ti-si. -entc# 

oTWft (I r) *fcRH#S»S;I 
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(5) 

7 

ommt, ff£L<te3 a t %a±l 5 a t %^T. «t 
0ff£L<«4 a t %£Ul 0 a t %-£TFT&0, 12 
0 emu/g^±WiiSV^g^b (I r) 
tt3 a t %Sk±7 a t xaTtf*©***?*^. 46 
fcR©-»Sfctt£«<£Nd*3J:tf/S.fcM:P rT«* 

[0 0 15] *56fBCD««tt«|BHctt*«>*B*»*liP* 
ftTl^. Bfe#aJlSJgflECS^"5c*T»^. : £ ;'cF ~• 
e£B<h£^tr#a«ffl£®mi&&T;^J^^Lfc<h#t;: io 
«rUi , r*fl:ft«R2Fei4Bitt. *%9i©#&l;:lBfl&, 

B©i§g&3 a t XfiA±fr*0*»a 
JLK £fcB©fflj£lt (w) ©IttotflSoTttftaft 

(is), aswt; (it). &£zf&mti (ihc) 

CDlSH!ifJL<(j;20at%£tT. cfc0ff£L<«7 
a t %^Tt$n-5. 

[0 0 16] *fc. **W©«BBItt»«.'fcJ4. Cr, A 

1. Pt. &&M<no% 1 a£A±©7C*X5:^SnLTfe 20 

JWWaOT?, XSStt, ffSU<H:lOatXKT, 
i»)!ifSL<tt5a t%RTtSnS. £fcl2 0em 
u/B«±©Wir»J5««fl; (I r) *3ififc-$-*fc«>K 
fa, x^Snbtei^awsb^o 
[0 0 17] SifciWSBOflHBtttmtt, 3 r, 
Nb, Ta, Hf, V, Ti, Mo, W© 5 "5 © 1 
±©7t5!iM£-&A,T^Tt><fcH„ d*l6©7c3ii«#iflJC 

^t, Msaan-rs^ttio. ^±«tc* (r) a*{£ 

tc^ (R) fig|T?M©Mfi£lty **BfllS-a-*fc, *tl\Z 
ff-3T3SS«fl: (I r) ttifSn-r^)^ (iH 
c) jJtflTFU ««a»tt*»6ft«««rtt^t*ffc-r 

s) , ggBft (i r) ©«^*«^i;*. ufc^ta 

ffa:««ft«rtt*»*fc»t, M©S£fcL ff£L<te 
'lOatXKT. J: Off* b<«l a t %^±5 a t % 
HTtSn. 1 2 0 emu/gH±CDil»aS«ft ( I 40 

r) &mm-f%tc®\Zlt0. 5 a t%»±3a t%«T 
TSSCt**Sf*b^. 7C^M«. Zr, Nb, Ta, 

Hf^#i;i*»T$o, ine>©7c^©p^©iai^ 

[0 0 18] *9EQ(Cffi««tttttf»a. ±ET. R> 
£ J;tf B ffSL<(i50vol %«±©#SS 

ffiS£tr#aK£&£»rirt-*lS£, -t©#ftft£& 

0 0 nmKTW bcc-Feffli, ¥^i!3a&gl0 0 
nmRT©R2F e HBiffiSr«fai4-ta--5X@S:ig-5^i: so 



8 

\z «t off $ l< m Z> Z. ttfit£&. 

[ooi9] ttm#ikn&&zm : bJ5mz. 

asswaxny^u >^cvDac 

l:Mt5Mffii tt*©in*i#8*fli^TfT&3;ii 

10 0 2.0 r«xe*«w©w«te«ttj5»5«5ffiefls' 

3ft»#*KfflS 5 0 v o 1 izte. £ ©*S»^ 

§s*a««tt**rs*^«5jfl«#6n*©Tff*u 
v». *swa, #aR#£se*©iniR*graiwBJ3i, 
T#&nfc««tt*ms»*ftL&fc©*. m&mz*. 

[0 0 2 1] *»W©««tt«»»C*V»Ttt. TffliS,}; 
OJR2F ei4Biffl©sF^ftetg*Hi-rnt> lOOnm 
KTT, >6^#a»ffl4 , ©R©¥^S^. R2Fe 14 

^•fl^fcD^S^IIijWffSU^. £fcT, R, B© 
tefc, S6KM*^tI»^Ktt. #a»ffif©M©T^ 
m&ffi, R2Fei4Biffi+©M©¥J%»flEJ:t)''hS<. 

d©J:^7SiEatt^4 , ©Maffl©¥^a)feg, fi«fc 
tfaffi + fcfcttafc-M^©**©*!*^. #an#*s 

s»«iabT««tt«»sr#*iR©rift«ia*#*iii!«-r* 

[0 0 2 2] *&*5SM0!)««tt*J»t*V»TH, #a 

H^***ffla-r*iB©, #aR«^60Tffi<o*rm» 

StR2F e i 4 Biti©*Taifiai©S75 s 5 0 CCgTFT 
IX, S6t|lf*l/<tt2 0 0taTt 
&2>o 2LOj;5fCTffiOWmilflEi:R2Fei4Biffi©« 

-r*ffl©«[***«fflIA6*l*©-P, Tffl$3«ktfR2Fe 
14Biffl©^ieS*ig*H>-rn%) 10 0 nmttTTS 

Tffi43«t^R2F e 14B iffl©#rfcBiaft«. £-&©3fif£fc 
J:^TMt5!ii, »*U<tt5 0 0~10 0 OICTJ* 

a. bfc*»-3T. #an^*s}iWE!aLT**M©«« 
tt#»£1§s«S©iniJI&fiflf«. 5 0 o~i 0 0 0"C©tS 
bt. *aR^©»riEK«ko»*b<KSsn*. 

[0 0 2 3] a6-K*«WO««tt«»K*V»Ttt. M 

iaiit©*ilHffio*a 'J-flft^ 5 or^UTabsc: 
tja, z. ©«t 5 ttifiatto^anffl^jsi? ut^s© 
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[0 0 2 4] *fc*58WfiD««tt«»IC*lriTe. Tffl 
o#«»f # 3 0 ~ 8 0 i tAWi l/^. Tffl 

i Hcj&«fi<&*. ^SSnoRflBlttifimiC 
[0 0 2 5] *%9ll::ffi?«ffitt*raa'."ttM&ttt&H 

nfc@Mm#tt75itf £>n5. MMttt. 0. 8TW 
©SHBfc*#T*««tttm, ^S^fb I r 
ft;Is£©Jt* Ir/Is #0. 6R±T*i>®m 
tt*T». **x*;l/^-« (BH) max#5 0 k J / m 3 

9!C*4«BBtttmtt. tf±«7C*©-&*«Sil>£< b 
Tfcfi»&«B»*H**»#&n*©T, ftt*HffiV>S£ 

[0 0 2 6] Sit. *^^OS!JKtt*Jfi-C*^T. S i 

He, *3±^«^cffitLX^;U^— fll (BH) max£r££> 

tiSi±a-a--5i:i3&»T?**. s i7c*©asjn*«. #-r 

T, J:?)»i;L<ttO. 5~5If%, 3 6k:»SL.< 
ttO. 5~3JjST%©«SHi^tl, ^*©»j*^S»ffla 

[0 0 2 7] 

n-€ t n»2 o Mm©sjpT^bfc. sr. 

fc£J:?X>=fy HfcfftBU A r »Hft^»C*V»Tig 
35 bTU S C u a — ;W±^»*p bfc&JS S^UTT 3 t K 
±D»2 0 um©J¥S©&?&»#Sf£»Lfc. Jfcwr, 
»e.nfcJ&»*#* 1 X 1 0-2 P a6JnF©»HSt*K:45 
HT, j?rJfc©afln?»l 8 OtWIlfc. flStlfc 
KltttJ^T. Bg#tt(iVSM (SttttttSHSftfi-) 
SrfflVV 1 4 3 0 k A/m©aJjDfi8Ji4'TSiafcTaJ)t 
Ltzo S&Bft©ffijitt. Cu-Kal^fflWcXir 

£J:9fT&ofc. KfftioTtt, 14 30kA/m© 

BJ3©+-CttfiSfom{biLT®0&ofe. 

[0028] m&£tfH2t;^&is&©##tt&©a 

5MMia»«^BtMIM*£jK"r t>©T, B l ttftfifotfF 
eg8P r 7B5©fc©, 0 2 Hiiflj£#F e 88N b2P r 5B 
5©t>©€r-en^-'n^T. ^©@C^3n4J;-5t. * 
^W©*afi£©«5fflrtfc*5F eggP r 7B5. FessNb 



(6) 

10 

2P r5B 5 «Vi-rnt), #±8Stc*P rtfS'WH^X 

[0 0 2 9] 03*5«fctfH4H Fe88Pr7B5 ffl 
3) ©#AK&&&#, *5 = ttKFe 8 8Nb2P r 5 B 
5 (04) ©H4R£&ft*&. S-iDl^ia^TaT^n 
■6*URJBaUT#6n*:»#tt»©X*lil*f«S*S*b 
fct)©TS-5. HfOttbc c-Fek:«k«®«re-^ 
SttkU •f4R2F ei4B*iKJ:5llI»fE— ^Sa^i*. £ 
10 ttib©0<£9, F essP r 7B5^feoTK6 5 CC©^ 
F es8Nb2P r 5B5('SoTtt7 0 0^©^ 
jai«fc*V»T, be c-Feffi*5<i;tXFei4P r 2 Bi 
WfiVH&lsT^ZZLtiSmib'bn* bcc-Feffit, 
F e 14P r 2B jtl t, #Mmffi©3ffl££ffi£Ufc«ffi 

*»fH©«Hrt©aj«K«i:-3Ttt«i«ia«©x« 

igSftCtO F e3Bffi©0»rt;-^Jfi«^6n4 *>©%»» 
0. JlOi^tBbcc-Fefflt, R2Fej4Biffi 
t, Fe3Bffi£#MiRtefcS±ffi£b;MMBIM«*it 

[0030] 05H Feg8Pr 7B 5 ©#SK^» 
#, *J:tfFe88Nb2P r5B5©#ftJte£KWBr£ 
0. 6 6*C/0>T#iabfct#©DS CftM (Differen 
tial Scanning Caloriemeter:7FSS!:#-#rfH;: ct£$'JS 
fit) t)©"?**. H©DS CftlSUC^HT, Fe 

88P r7B5©#J|R^l»*k:»^Ttt, ft 5 7 7"Ctf 
ittl;bcc-Fe ffi:fe«ktfF e 14P r 2B i*B©|5|P##Tm 
fcfl^SMIitfcr-^ai&Stl*. St, Fe88Nb2Pr 5 
B5©#aK££*Wfc*oTtt, »5 7 7ttti6Cb 
30 c c -F effi©*rfflK#35SII*e-*!& t i!.6n. m& 7 
7*C«ififcFei4P r2Bi«©«rmfc#5»5»i;— 
H^tU be c-Feffl©*rtBfiS<i:Fei4P r2Bjffl 
©WtBiagt©^^l 0 0"CT&3 

[0 0 3 1] 0611 F e88P r7B5©#»H£&* 
3?, i5«t^F e88Nb2P r 5B5©#^R^»^©^ 
^©iaS^t^^. £©eil;:^£*l£J;5 S3?© 
±fl^£t>fc«fctt*M>U #9 1 2 7tT0 tftS. c 
«:t*b, uft^O#SI^^O*T u -ig^li 1 
2 7 < c-ea&9, sfi£t±T»*;:t3j*to36»*. Sfc, 5 

40 2 7-5 7 7"C©iS5»k:*^T«ft;3i«-iHiMnUfc«, 
bTV>£, *«J8 2 7*CTOC3a:S«Ifi]35^e.n 
4. £©££«:. #JlRffl©|gj|ft;afil3&*ft 5 2- 7 ~ 5 
7 7T;t*?>. ISft*B©+aU-a«* t tt8 2 7"CT» 
•5d££^bTt^5. 
[0 0 3 2] 0711 Fe88P r7B5©#»K^» 
*«t^Fe88Nb2P r5B5©#flK^*»flfK"3 
V»T. H&ffl9&©$S&fc (I r) . SSB-ffc I r 

waft i s (wmmm 1 4 3 0 k a) t©tt c^sit •. 

1 r/ I 1430) • OHc) ©^maiSSE 

50 ttstttw-rt)-©-?**. ^©18**0. aMasaflea* 
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6 5 0~8 0 0TC©«HTJMfffc««»fttt**1§Sft. ' 
ftlZ, Fe88P r7B50*&JflaaartLXtttt7 0 0"C 
*«»Sl<. Fe 8 8Nb 2 P r 5Bs©J|&ffl3flflE£LT 

[0 0 3 3] 1811 FegsP ryBs^aS^Mf 

T, (a) (b) «6 5 OtTMIt, 

(c) «8oot:T*!iffla«©*iBs*n*ftjj*-r. n 

~ ©HfcjSSttS £5 It; " F e 88^" r TB 5©#ll1t£&~i¥ 

T&O, 6 5 O'CT^SaSb^ (b) H bcc-F 
e*B2, Fe^P r 2 B!ffi3, :fccfctf#ifiKtB 1 © 3 *B 

^e»^^ffi^jg^fi£^tiTi3(3. M&La&Atfs o 

0"C\Zf2.2> (c) T«b c c -F ero^SiSitXF e 14 
P r2Bi©»fijG«J&ftU #flHffla*KtA/£fc<tt:3 

[0 0 3 4] B9it 08 (b) , tafc%6 5 0tf . 

*ffia«©tt»©i*»im©s»«^««*re*K:«fc* 

tt»R!B**-r"b©-C**. SfcilO (a) - (c) 

H 09*0^3, 7, 5(C*3tt?)^-y k"— AfciSE 20 

(D7im<Dmm^ 1 o o%£lth-s. 09*0^2, 3 

Hbcc-Feffi, £4. 7ttFej4P r2Biffl, ,^5 
fct#flKffi-p*4. 1 0 kV&mz&tfZP r© 

gtl ^JBKF ej4P r 2 BifflTl 4. 1 HC^ %. # 
SIfiTll. 91S^%, b c c -F e*§T*0. 4Rf 

[0 0 3 5] ££01 ltt. 0 8 (c) , "Tttto-fe 8 0 
(b) », 01 l*©j£l. 2JC*tt*EDS»W©» 

s^-tn-en^-f *>©t*s. 01 2tc^$n^ t t'5 

01 ItCSlHbc c-Fefi, 2 «F e 14P 

fcP rggtiF e 14P r 2 BifflTl 2. 8RfX, be 
c-FetSTO. 7fC^%T&ofc. 
[0 0 3 6] il3H Fe88Nb2Pr 5 B50MS 

fcfc©"!:. (a) flBtfSma, (b) tt6 5 0"CT3»ffl 40 

a», (c) tt7 5 0t;TMii©tti. (d) »8 

tl-Sct^fC, Fe88Nb2P r5B5©*ftR^***»C 
(a) a*flHffll#»j£SnT:*3 

•j; 6 5 0tTMlbfc^ (b) 11 bcc-Feffi 
2:fc.fctfF e 14P r 2 B jffl 3 tffr-?fr\Zffiih LT*3 <9 . 

7 5 0 'CT^S Ufcfc (c) H bcc-Feffi2. 
F e 14P r 2Bi«13. *5 1 © 3 

8 5 0"C(r^-5 (d) Tttb c c -F e©*£S43«fc^F so 



ei 4 P r 2 Bi©ieS««jjE*L» #&imilfi&t/ugtt< 
ftoT^4. *fcFe-Nbffi4t>WaiUTV»*. 

[0 0 3 7] 114(1 013 (b) . T&fc-fe6 5 0 
t:Tj^a«©#Mto*#K»©»iS*^JH*«teJlfc 

«fc*aitttiB**-r , b©T**. £fc0i5 (a) ~ 

(c) tt, 01 4*©£l~3£:fctt3EDS##r©iig 

ssr^-n-^n^-r £©t&-&. 01 4tf©^i«b c c 

-Feffi. .^2«F ei4P r2Biffl, ^3(i#SSffl-C 

P r«flEH; 3f^WKT - er4'F r r"2Bri«Tr"l"l'"-'""' 
4S^%, MlfiT6. 5lf%. bcc-FeffiT 

2. oif%t^ofc. stcNbmmt. $-v*jisc#ii 

MfflT2. 4If%, Fei4P r 2 B 1 ffiTl. 5®^ 
%. bcc-Feffltl. 4^%T*ofc„ £©#<& 
-Ctt#fiJtffifc#tt*Nb»fl««, Fei 4 P r2B!ffltC 
^ttS N b mm*. 0 %>K < & o 
[0 0 3 8] 0 1 6 H 013 (c) , -f&fc-fe 7 5 0 

tT»!iffla»©tt*©**tm©»a*^si**rejifc 

«t*fi»«»t*"rt)©T»D. 017 (a) , (b) 
H I16+©*1, 2\Z&lf2>EDSftffi<Dl&m* J t 
ft-?ft5KTt>©T&£. lietCSlllbcc-Fe 
^2BFe 14 Pr 2 B 1 ffit*li. PrJSgteFe 
14P r2Bi*STl 2. 0lf%, bcc-FefflT2. 
0If%tJ&ofc. SfcNbSSH Fei4Pr2B 
1*B, b c c -F etS©V>-rnfe 1 . 2^%T'*o 

[0 0 3 9] 01 8 H 013 (d) , 8 5 0 

«t-5«tt^^^-rfc©Tfe0, 019 (a) ~ (c) 
H 01 8 tXD&l, 2, 3K*»t*EDS»«r©il**- 
£-en-6n^-Tfc©T&5. 018"f©,§lBbcc- 
FeS, ^C2ttFei4Pr2Biffl, ,«3ttFe-Nbffl 
ifibnSNbiJyfCST. #ft*fflttH4:/i,2B«> 
'6n4*ot. PriSll. F e 14P r 2 B 1 4. 
11^?%, Fe-NbfflT'O. 9 bcc-Fe 
ffiTO. 7Jg^%T?Sofco S&NbMfJ, Fe-N 
bffiTl 2. 4^%T*0. Fei4P r2B]ffl*3j;^ 
b c c-FefifttBtA/i'OTSbrjft. tO±3fcN 
bStttSF e88Nb 2 P r 5B5©#HSt§-&»aJ« 
F e8 8 P r^Bs<D&ik9i'&&W&\Zit'<T* iDi^V^D 
r»»KST?#ftRffi*««?¥bT*»3. Fe 8 8Pr7B5<t 

[0 0 4 0] 02 0H F e88P r 7Bs©#SK££» 

^<&6 5 o , CT^^QabT^#^,n/c^^®tt^^if£^, 

F e88Nb 2 P r 5B5©*ftK^*»#* 7 5 OtTli 

«iabT»6nfcw«tt«»©«fl:©»flEse<fcs»-r. 
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<hfri&, d©ttifi#F e 14P r 2Biffl©*a 'J-JSIT 

so. 8 0 7t;ttirr&Yb©i>^©g^75^{fc;LT^ 

J10#Wbcc-FeffiO^a'J-Ig 

[0 0 4 1] @2Ut F e ggP r 7B 5©#HH£-&S 

Fe88Nb2P r5B50#ftK^*Si«S7 5 OlCTJIft 

LfcfeOT?**. *fcTBB«llC, cn6©«ltt»» 
fflUWWtitTfiftlftl 1430 CT) . aSttfcl r 

(t> , i r tmtamt 1 s toitm u/i 

s. ffil^iHc (kA/m) , iSirflfcttBSCX*^ 
*r-m (BH) max (k J /m3) i, be c -F e*§33* 



/4 

1= J;t>*Fei4P r2Bi«©¥£*MM&S£> bcc-Fe 
.ffiO#W»***r. ««»«©«£«, VSM (fi» 
tt»ffl«*tf) *«^T. 1 4 3 0 k A/m©fflHn«« 

*>, f ^Ifif 5 0 nmJXT© b c c - F e ffi t, ¥ 
0 nmElTCF e 14P r 2Bi*li£*rLT 
*D, #«©#$m±#b c c -F efflT&ofc. 

Tv»rn©««tt»»*>. otbui. i 

r'/'I s 75*0'. 7SU:, a*x*';i>¥-fft&*"6 0 k J / 
m3£ttASflm&«»8ttttfc*rbTV»fc. 

[0 0 4 2] 
[*1] 





I 1430 

(T) 


Ir 
(T) 


Ir/Is 


iHc 
(Am" 1 ) 


(BH)ma.x 

(kJnT 3 ) 


<nm) 




FessPrvBs 
700°C 


1.45 


1.06 


0.73 


207 


60 


50(bcc-Fe) 
10(Fei4Pr 2 B) 


51 


Fe8 8Nb2PrsB5 
750°C 


1,58 


1.23 


0.78 


216 


110 


10-20(bcc-Fe) 
10(Fei4Pr2B) 


59 



[00 43] 022(1 Fe86Nb2P ryBsfcFea [*2] 

gg#ffiiLT, ffiSUBfcBs (T) . S@m<tB r 30 
(T) , ffiiAiHc (kA/m) , ^itfl^lgx 
(BH) max (kJ/m3) &«j£bJfc. #JI 

(C^^n^.t^lC, S i SrjSJnbfc*«tt»»K*V»T 
t>»*«»x*;i/^— « (BH) nax**5 0 k J /m3& 
±©&»fc««&#ttJ&*»Sn. #CF e86Nb2P r 7 
B5t'S i *21S J F%^JabfeFe84S i2Nb2P r 7 B 
5i:$-3tlt «l*iHc=4. 0 5 kA/m, ft* 
m%x.*)V%—m (BH) max=7 1. 0 5k J /m3© 

[0044] te«2~8c, *&w\z%z>&mm.i$.<D 

FeiitS i Sr*UnUT»&nfc««tt«» 

^%©sgH^T^fb$-&, ««tttt»oaa»tttL. 

T, ttlftBfcB s (T) , aSBfcB r (T) , &mtl 
iHc (kA/m) , i5cktfft*BSIax*;i^-*fi (B 
H) max (k J / m3) SJBfibfc. 0 [0 0 4 6] 

[0 0 4 5] 





Fes8-xSixNb2Pr5Bs 




x = 0 


x= 1 


x= 2 


B s 
(T) 


1.54(650) 


1.52(677) 


1.51(727) 


1.57(700) 


1.47(752) 


1.58(750) 


1.57(750) 


1.51(787) 




1.62(800) 






1.56(850) 






B r 
(T) 


1.26(650) 


1.30(677) 


1.23(727) 


1.29(700) 


1.24(752) 


1.28(750) 


1.23(750) 


1.16(787) 




1.23(800) 






1.06(850) 






iHc 
(kA/m) 


137.67(650) 


121.76(677) 


81.17(727) 


182.24(700) 


205.32(752) 


74.80(750) 


216.46(750) 


85.95(787) 




152.00(800) 






109.82(850) 






BHmax 
(kJ/111 3 ) 


83.75(650) 


54.45(677) 


30.11(727) 


113.14(700) 


92.65(752) 


24.23(750) 


110.57(750) 


30.03(787) 




64.00(800) 






31.71(850) 







4*B3¥ 10-88294 



(9) 

15 16 





Fese-xSixNbsPrvBs 




x = 0 


x=0. 5 


x=l 


x=2 


Bs 


1.14(650) 


1.33(750) 


1.12(700) 


1.17(700) 


(T) 


1.17(700) 


1.33(800) 


1.31(750) 


1.29(750) 




1.34(750) 




1.29(781) 


1.25(775) 




1.35(800) 




1.30(797) 


1.23(787) 




1.45(850) 




1.29(800) 


1.25(800) 


Br 


0.68(650) 


0.93(750) 


0.75(700) 


0.81(700) 


(T) 


0.78(700) 


0.94(800) 


0.93(750) 


0.92(750) 




0.93(750) 




0.94(781) 


0.92(775) " 




0.89(800) 




0.94(797) 


0.90(787) 




0.84(850) 




0.93(800) 


0.90(800) 


iHc 


101.86(650) 


304.00(750) 


276.94(700) 


269.78(700) 


(kA/m) 


241.92(700) 


253.86(800) 


314.34(750) 


322.30(750) 




269.78(750) 




214.87(781) 


231.58(775) 




239.54(800) 




218.05(797) 


233.17(787) 




70.83(850) 




222.82(800) 


241.13(800) 


BHmax 


16.61(650) 


54.01(750) 


42.25(700) 


47.75(700) 


(kJ/m 3 ) 


38.50(700) 


50.23(800) 


69.50(750) 


71.50(750) 




53.93(750) 




42.40(781) 


45.69(775) 




40.36(800) 




40.61(797) 


49.39(787) 




10.31(850) 




41.20(800) 


55.23(800) 






Fe86-xSixNb2Pr7B5 




x=3 


x = 4 


x=5 


x=6 


B s 


1.33(700) 


1.30(750) 


1.29(750) 


1.33(750) 


<T) 


1.32(750) 


1.28(800) 


1.31(800) 


1.35(800) 




1.29(771) 










1.28(787) 










1.26(800) 








Br 


0.87(700) 


0.91(750) 


0.90(750) 


0.88(750) 


(T) 


0.91(750) 


0.92(800) 


0.93(800) 


0.89(800) 




0.96(771) 










0.95(787) 










0.94(800) 








iHc 


133.69(700) 


292.06(750) 


280.92(750) 


245.90(750) 


(kA/m) 


240.33(750) 


223.62(800) 


202.93(800) 


203.72(800) 




226.80(771) 










237.15(787) 










311.95(800) 








BHmax 


28.00(700) 


68.32(750) 


65.10(750) 


40.33(750) 


(kJ/m 3 ) 


59.50(750) 


53.74(800) 


42.22(800) 


32.11(800) 




53.82(771) 










54.74(787) 










70.25(800) 









[0 0 4 7] 



[a 5] 
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(10) 



17 



18 







Fes 7 


-xSixNbaPreBs 






x=0 


x=0. 5 


x= 1 


x = 2 


x = 4 


B s 


1.47(750) 


1.46(750) 


1.41(750) 


1.48(750) 


1 AC / r 7Cfl\ 

1. 46(750) 


(T) 


1.39(800) 


1.47(800) 


1.46(800) 


1.40(800) 


1.44(800) 


Br 


1.13(750) 


1.12(750) 


1.14(750) 


1.17(750) 


1.18(750) 


(T) 


1.11(800) 


1.14(800) 


1.21(800) 


1.12(800) 


1.15(800) 


iHc 


249.88(750) 


290.47(750) 


294.45(750) 


263.41(750) 


252.27(750) 


(kA/m) 


228.39(800) 


219,64(800) 


204.52(800) 


239.54(800) 


167.12(800) 


BHmax 


60.25(750) 


67.55(750) 


69,01(750) 


62.11(750) 


59.22(750) 


IttJ/ia*) 


40.14(800) 


54.69(8007 


45.56(800) 


55.91(800) 


32.23(800) 



[0 0 4 8] 
[*6] 



[0 0 4 9] 
[S7] 





Fea4-xSixNb2Pr7B7 


x = 0 


x= 1 


x=4 


B s 
(T) 


1.20(750) 


1.21(750) 


1.23(750) 


1.22(800) 


1.19(800) 


1.18(800) 


Br 
(T) 


0-85(750) 


0.83(750) 


0.85(750) 


0.85(800) 


0.86(800) 


0.84(800) 


iHc 
(kA/m) 


262.61(750) 


280.12(750) 


273.76(750) 


240.33(800) 


245.11(800) 


227.60(800) 


B Hmax 
(kJ/ra 3 ) 


42,44(750) 


60.56(750) 


56.67(750) 


38.65(800) 


55.91(800) 


43.21(800) 





Fese-xSixNb2Nd7B$ 


x=0 


x= 1 


x=3 


x = 4 


B s 
(T) 


1.32(750) 


1.29(750) 


1.25(750) 


1.28(750) 


1.34(800) 


1.32(800) 


1.32(800) 


1.30(800) 


B r 
(T) 


0.84(750) 


0.83(750) 


0.90(750) 


0.91(750) 


0.81(800) 


0.85(800) 


0.90(800) 


0.89(800) 


iHc 
(kA/m) 


257.84(750) 


306.38(750) 


300.02(750) 


271.37(750) 


226.01(800) 


239.54(800) 


193.38(800) 


217.25(800) 


BHmax 
(kJ/m 3 ) 


45.54(750) 


63.30(750) 


59.85(750) 


49.33(750) 


34,11(800) 


40.95(800) 


33.93(800) 


28.24(800) 



[0 0 5 0] 
[*8] 





Fe87-xSixNb2NdeB5 


x=0 


x=l x=3 


Bs 
(T) 


1.40(750) 


1.41(750) 


1.47(750) 


1.42(800) 


1.43(800) 


1.41(800) 


Br 
(T) 


1.13(750) 


1.15(750) 


1.22(750) 


1.13(800) 


1.13(800) 


1.14(800) 


iHc 
(kA/m) 


227.60(750) 


238.74(750) 


245.90(750) 


172.69(800) 


249.89(800) 


204.52(800) 


B Hmax 
(kJ/m 3 ) 


27.13(750) 


30.15(750) 


32.25(750) 


20.33(800) 


41.11(800) 


28.53(800) 





FeB4-xSixNb2Nd7B7 


x=0 


x= 1 


x = 3 


B s 
(T) 


1.21(750) 


1.23(750) 


1.21(750) 


1.23(800) 


1.22(800) 


1.23(800) 


Br 
(T) 


0.74(750) 


0.77(750) 


0.75(750) 


0.76(800) 


0.73(800) 


0,76(800) 


iHc 
(kA/m) 


253.06(750) 


280.92(750) 


218.05(750) 


218.05(800) 


237.94(800) 


263.41(800) 


B Hmax 
(kJ/m 3 ) 


42.74(750) 


55.93(750) 


50.35(750) 


34.02(800) 


47.74(800) 


53.45(800) 



[0 0 5 1 ] 
[«9] 



50 



[0 0 5 2] 

it. Fe, Co, N i ffifiiJi©7C^T, 5&± 

^SgSfegl 0 OnmOTOTtit, ¥-&f&ik®.m 1 0 
0 nmJ^TCQR2F e #f B Sfi(!:Oiffi^» 

¥-t%mmtf, R2F e 14 Biffl4'0>7C*R£> 5 l I ^igSJ:i9 
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J: o \z MW-? Z> d t tzJn o T» * b v»««a«f tt*»# 6 

[0 0 5 3] *fc*58W©««tt»»tt, Zr, Nb, 

Ta, Hf, V, Ti, Mo, W© 5 *><D 1 tt£A±CD5r: 

'fflfp©5t5&M©¥*5i8&aV R£F ej4"B iffi^OTC^M 
©¥iS»«J:?>/.lv£<, *»rPTffi«t , ©5c*M©¥i%»« 

««a»tt**#sn*. nn&©7c*M 
(r) #fi«»o»£fe#ii«ffl*®j*-r*;i£a*-e«r 

[0 0 5 4] *%91<Z>BEB{fetmtt, T, R, £J;tfB 
5 0 v o 1 %^±©#g«fflft^tf£&ftgi$a 
IbT, WgttA&Sl 0 0 nmOTCTfit, ¥i§*S 
Ifeil 0 0 nm£tT©R2F e Mffit 

JKf^ns. H©«$. tME#MiKffljfc&©Tffi© 
*TtiliaStR2F e i4BitS©*faiiaSi:©^^5 0 0*0 
aTT»n»i, J: DfiflTftKWttlbfc— *©«©«* 
rt*. «#©ffi#«ffiT*ttlK:j**UTtt«a»*£<'fca 

ftRffia>&©Tffl©*fHJ»flfcfe«J:tfR2F e i4Bi*B©#t 
Hi?aS^5 0 0~1 0 0 COT** £ 

*f6«©««tt*f»*1»*»^fcH. »83J»«iaiB©* 

^©J:5tt5l«tt©#jmffiSJS#a-&SitK± 

[0 0 5 5] *389!©««14*fHK:J:*Ui, T, R, £ 
JztfBft^*, ¥MSSgl0 0nmWTOTfflt, 
^IgfitHEg 1 0 0nm^T©R2Fei4B!tat, #H 
MtO*«t«*±«tl/, SSBflSl r#0. 8T 
K±©ffftfcW«SM*tt€*-r*««tt«»S*8JT?* 
-5. *fc*58W©«SStttt»KJ:ntf, T, R, 
Bft^*. ^ISfleSl 0 0nm6lT©Tffit. ¥1% 
^fafegl 0 0 nmi^T©R2F e ]4Bi*St, #JI«*§ 

£©*«»»*£«£ u m^mti rt«s»«fti s 

t©tt* Ir/Is #0. 6«±©«ft;fc««»ft 

««flWtt*#r*««tt»»tt. »kt, r. *«ttx 

Bft^#., 5 0 v o 1 X£U:©#iiiMI*'&tr£&*5 
0 0~1 0 0 0 < CT-^a-r-5^t(C<fcoTW*b<» 

e>ns. *»w©««tt*r»K*ir»T. t. r. *5<ti^ 



(11) 

20 

ttifigl 0 0 nm6tT©R2Fei4Bifflfc. #Hftffi 
£©tt«ttl«*±ffi£L, »CT«O#i»W3 0~ 

8 0 %T*&nt£, ffi^jsawb 1 r tn^&m.*} i hc 

£«#T*£i:a«T**©TfiF*LV». 
[0 0 5 6] #Sfi§B©«att#fi©#*l^«fifctt» T 

xRzBwXv ; XteC r. AK Pt, S^©-5^1ffl 
&±ftSU x, z, w, vUIf%T, 50^x, 3 
^z^l5, 3^20. 0^v^l0T&D. £9 
5fiL<li8 0gx^9'2, 4^z^l0i 3^ 
10 7, 0^v^5T&-5. XS:*JJD"f*c:tfc«fc-3TSSfi8 
tt«»©Wfttt*lRl±a-e:*^t3&«T#*. £fctxRz 
Bw;x, z, w(JIf%t, 86^x^92, 3^z 
^7. ■3^7itnH 120emu/gEi±OK 

[0 0 5 7] *fc#»8©««tttt»©#3;LVMfij£ 

te. TxMyRzBwXv ; x, y, z , w, vliBK^SS 
X\ 50^x, O^y^lO, 3^z^l5, 3^w^ 
20, O^v^lOTSO, J:I3$?3;L<«, 80^x 
^92, l^y^5. 4^z^l0, 3^w^7, 0 ^ 
20 v^5 _ C*'5o S?>l:. TxMyRzBw;x, y, z, w 
HIB^T. 86^x^92, 0. 5^y=£3, 3^z 
^7, 3 ^w^ 7 i:-Ttl«» 120erau/g£l±Offi 

[0 0 5 8] *fcT5c*«»TS i SSB^XfiJlT, 0? 
£L<«:0. 5~5gf%. J:l9$f^b<«0. 5~3 

K^xasjp-rsciictrjT, «BBie»»©«SM*tt. 

«rt:fit«*Hc. #J:tf«*«»x*,Mr-« (BH) 

[0059] *asw©««tt»»t:J:ntf. **x*;p 

30 ^-ffl (BH) bmj&«5 0 k J /m3fcjB*.*«nfc8HB 
JM*ttS*3ST*4. #»9!©«««-Wt*a»Sfc*»* 

ft. «iss«c«toj«»bT*). »sv»ttajre«©«»# 

*BE*#:©W«tt«»36«l»6na. $&4*fc, #dlfttB 
ft 5 0 X£H±£tf#ftH£&»*S» K*ftHffi'©ISIi 

40 [01] *%«£ffiS#AK£&8ff©&&&&©& 

[0 2] *BWfc:««#fl*£&»#©2&?&it«©£ 

[0 3] -*3BWK«**ftlt^**#«3»»aLT# 

[0 4] *5SMK«**ftR^4fe*»ft*RfflaUT» 

f,n-5ias©x*siiiST^*ft*-r^7 7t**5. 

[0 5] *5SWfC«R4*aJl^ft»»©DSCttlilS 
50 [0 6 3 *«Wfcft*#ftR^*W#©»fl:©iaKSC 
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[0 7] *»Wfc«***tttt»®** Wtt0!,M!i9 
SCKH^Lfc-bOT, (a) ttSftfc*. (b) tt6 5 

o-c-cawaaa. <o «8 o o"c-c*tf&a«©tt** 

[010] (a) ~ (O tt*»MC«**SK^ 
[011] fcSfiWfcfta***^***** 191 ^ 

[012] (a), (b) 

ji#**^abT»£n*ttl*©*j&fcfctt* EDS * J ' 

[013] ^fE^Kff****^***®*** 1 "* 

«a«C*bfcfe©T?. (a) BA»ift«. (b) «6 

5 o "CT*Maa«> ( c ) « 7 5 o ic-ciMaa*. 
(d) ass orrsi^a«©tttte*n-£n*"rw9! 

[014] *ffiWfc«**ft'«^**** MaaUT 

[01] 



10 



22 

[015] (a) ~ (c) tt*5fiWK«*#**£* 
[016] *5BWC«**«R^**«**** aUT 
[017] (a), (b) »*36WK**#ftK^= 
[018] *^^t#-5#SK^»«^^ SbT 

t^bfc0-efes« 



[019] (a) 



(c) »*56WK:«**ftR^ 



20 



[020] *»wc«*aatt**»©a^ ro * flESSfl:; 

[021] *f^fc**««tt*W©*fcfl* oSB 2 

[02 2] ^fWfcfcSaiBtt****©**** tt© S 1 

* »t ^ 7 7 T* $> % . 
[?S^O!&Bj3 ] 

1 ^AfttS 

2 bcc-Fefi 

3 Fei4Pr2Bi*i 

4 F e-Nbffi 



[0 2] 



[0 8] 
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(15) 



[012] 



[01 5] 



(a) 



(b) 




0 I 2 3 4 5 6 7 8 
3L*)\,3r— (keV) 



j62 

Fe-12.8at%Pr 



F« 



Fa 



J, 



Pr Fe 

Mi 



2 3 4 5 6 7 6 

(ke V) 



(a) 



(b) 



(c) 



Fe-1.4at%Nb 
2.0at%Pr 



J 



ptpt_ 



O I 



LA- 



2 3 4 5 6 7 8 

(keV) 




j£2 

Fe-1.5at%Nb 
11.4at%Pr 



2 3 4 





&3 

Fe-2.4&t%J!b 
6.5atX?r 



F8 

u. 



3 4 5 6 7 8 

(ke V) 



[mi 7] 



(a) 



(b) 



Fe-1.2at%Ifb 
F « -2.0at%Pr 




32 

s 



Fe 



2 FT! 6 7 8 

x.*}\,*r— (keV) 



P« Fe-1.2at%Hb 
-12.0at%Pr 



0 rTTTTTTT 

(keV) 



[018] 



'\ 1-*..* ' 



itfii 



1 




^^¥10-88294 



(16) 



[^1 9] 



[02 0] 



sa- 
te 



?e-0at%Nb 
0.7at%Pr 




ft 




JV - Nb pt \ 


Fe 

rA v 


0 i 2345678 
x^- (keV) 


£2 F 
Fe-0at%Sb 1 
R 14.1at%Pr 






Fe 

ULa. 



{keV) 




i&3 

Fe-12.4at%Kb 
0.9at%Pr 



0 I 



ol^^*— (keV) 
[02 1] 



- FeaePr7Bs 
■ Fes sNbs 



0.5 



-300 



-200 -IOO 
; H (kA/in) 



200 



150 



6 




100 



50 



FeeePnBs 




727 ' 927 
817 



[0 2 2] 



1.6 - 



1.2 



P L2 

« 0.9 



-Q ■©-- 



_o 



— o -< 



\ 300 
* 200 



w 100 P- 

o 

r- 100 

6 
\ 

~ 50 



-Fe8 6-xSixNb2PT7B5 



*3 13 ¥10-88294 



(17) 



(51) Int. CI. 6 

H 0 1 F 1/053 
// C 2 2 F 1/00 



6 0 8 

6 6 0 

6 9 1 

6 9 2 



F I 

C 2 2 F 1/00 



H 0 1 F 1/04 



6 0 8 
6 6 0 D 
6 9 1 B 
6 9 2 A 
H 



(72) fgg§# /hA *# 
(72)%h^# 3ES S±3ft 



if 7^ tjkT' 



1#7- 



(72) 389i# 

(72) ^hj^ #± SUA 

««Mfili-fr*lHiK;ilrt7c3t*35*ift /i| 
flft^l 1-806 

(72) tt* ti 

S«HMIMntfW*E±#3TB 8 #22^ 



